(19) 



J 



• 

Miiiiiiiiuiiiniiiiniiiiii 



(12) 



(43) Date of publication: 

29.05.1996 Bulletin 1996/22 

(21) Application number: 94480143.0 

(22) Date of filing: 24.11.1994 



Europdisches Patentamt 
European Patent Office 
Office europten des brevets (11) EP07141 92 A1 

EUROPEAN PATENT APPLICATION 

(51) int. Cl. 6 : H04L 12/56 



(84) Designated Contracting States: 


• Maurel, Olivier 


DE FR GB 


F-061 1 0 Le Cannet (FR) 




• Chobert, Jean-Paul 


(71 ) Applicant: International Business Machines 


F-06510Carros (FR) 


Corporation 


• Pruvost, Alain 


Armonk, N.Y. 10504 (US) 


F-06220 Vallauris (FR) 


(72) Inventors: 


(74) Representative: Lattard, Nicole 


• Bertin, Olivier 


Compagnie IBM France 


F-06200 Nice (FR) 


D£partement de Propri6t6 Intel lectuelle 




F-06610La Gaude (FR) 



(54) Method for preempting connections in high speed packet switching networks 



(57) The present invention deals with the capability 
of high speed network nodes to establish new connec- 
tions by preempting existing ones when insufficient 
bandwidth is available in the loaded network. More par- 
ticularly, it discloses the arrangement of numerous 
preemption priorities in a limited number of groups and 
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the definition of a median priority level within each group. 
This median, stored in the topology database of each 
node of the network allows a better bandwidth utilization 
per group while consuming very little memory space and 
generating very low traffic overhead. 



se 



66 



49 



29 



CM 

O 

Q. 
LU 



BNSDOCID: <EP 0714192A1_I_> 



Link Maximum Reservable Capacity 



28 * Free 
Bandwidth 
696 



692 



661 



698 



GROUP 8 



GROUP 1 



GROUP 2 



GROUP 3 



693 



— 1 "T 1 

18 16 21 
DMP8 0MP1 



32 35 
DMP2 



— r~ 

46 



— r i** 

55 64 
DHP3 PRIORITY 
665 



FIGURE 6 



Printed by Rank Xerox (UK) Business Services 
2.11.8/3.4 



0 • 

EP 0 714 192 A1 

Description 
Technical field 

s The present invention relates to a process, in high speed packet switching networks, for establishing new connections 

by preempting existing ones when insufficient bandwidth is available, and more particularly, to the arrangement of numer- 
ous preemption priorities in a limited number of priority groups. 

Background art 

10 

High Performance Networks 

The data transmission is now evolving with a specific focus on applications and by integrating a fundamental shift 
in the customer traffic profile. Driven by the growth of workstations, the local area networks interconnection, the distrib- 

is uted processing between workstations and super computers, the new applications and the integration of various and 
often conflicting structures - hierarchical versus peer to peer, wide versus local area networks, voice versus data - the 
data profile has become more bandwidth consuming, bursting, non deterministic and requires more connectivity. Based 
on the above, there is strong requirement for supporting distributed computing applications across high speed networks 
that can carry local area network communications, voice, video, and traffic among channel attached hosts, business, 

20 engineering work-stations, terminals, and small to intermediate file servers. This vision of a high speed multiprotocol 
network is the driver for the emergence of fast packet switching networks architectures in which data, voice, and video 
information is digitally encoded, chopped into small packets and transmitted through a common set of nodes and links. 

Throughput 

25 

The key requirement of these new architectures is to reduce the end-to-end delay in order to satisfy real time delivery 
constraints and to achieve the necessary high nodal throughput for the transport of voice and video. Increases in link 
speeds have not been matched by proportionate increases in the processing speeds of communication nodes and the 
fundamental challenge for high speed networks is to minimize the packet processing time within each node. In order to 
30 minimize the processing time and to take full advantage of the high speed/low error rate technologies, most of the 
transport and control functions provided by the new high bandwidth network architectures are performed on an end-to- 
end basis. The flow control and particularly the path selection are managed by the access points of the network which 
reduces both the awareness and the function of the intermediate nodes. 

35 Bandwidth Management 

Communication networks have at their disposal limited resources to ensure an efficient packets transmission. These 
limitations are principally located at the level of links bandwidth, nodes processing capacity and buffers size at the 
emission and reception of data packets. When the traffic demand increases, the network undergoes congestion phe- 

40 nomenons which take the form of a collapse of the network performances expressed in terms of actual throughput, 
average transfer delay of packets through the network, number of packets lost or in error... 

An ideal network should be able to transmit an useful traffic directly proportional to the traffic offered to the network 
and this as far as the maximum transmission capacity is reached. Beyond this limit, the network should operate at its 
maximum capacity whatever the demand is. In the reality, the operations diverge from the ideal for a certain number of 

45 reasons which are all related to the inefficient allocation of resources in overloaded environment. In particular, the size 
of the queues on the links increases rapidly in function of the traffic and exceeds the capacity of the buffers in the nodes. 
Packets which can not be stored any more are thrown away causing their retransmission and propagating congestion 
towards links located upstream generating an additional internal traffic. There is an avalanche phenomenon due to the 
fact that beyond a certain limit, the useful transport capacity of the network decreases when the demand for traffic 

so increases. 

For the operating to be satisfactory, the network must be implemented so as to avoid congestion. The simplest 
solution obviously consists in oversizing the equipments so as to be positioned in an operating zone which is distant 
from the congestion. This solution is generally not adopted for evident reasons of costs and it is necessary to apply a 
certain number of preventive measures of which the main ones are : 

55 

the flow control for regulating the emitting data rate of the calling subscriber at a rate compatible with what the 
receiver can absorb. 

the load regulation for globally limiting the number of packets present in the network to avoid an overloading of the 
resources, and 
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the load balancing for fairly distributing the traffic over all the links of the network to avoid a local congestion in 
particular resources. 

Call Set Up 

5 

Bandwidth management in most high speed packet communications networks utilizes connection level controls 
applied* at the time the connection is set up based on the load characteristics of the transmission links in the connection 
route at the time that the connection is set up. Such connection level controls include bandwidth allocation, path selection, 
admission control and call set up. Bandwidth allocation is accomplished by noting, at the connection set up time, the 

10 "equivalent capacity" loading that the new connection will generate, based on the traffic characteristics of the source 
signal and the desired quality of service. Using this equivalent capacity as the bandwidth that must be available to carry 
the new connection, the originating node of the network computes a path to the destination node that iscapable of 
carrying the new connection and providing the level of service required by the new connection. This path selection 
process utilizes data describing the current state of the traffic in the entire network. Such data can be stored in a topology 

75 database located at each node, of the network If no suitable path can be found to meet these requirements, the con- 
nection is rejected. Once a suitable path has been selected at the entry node, a set up message is generated which 
traverses the selected route, updating the resource allocations for each link visited by the set up message. 

Connection Priority 

20 

In order to successfully manage the traffic and to efficiently accommodate connections for data streams with widely 
different characteristics (data, voice, video), it is important at the call set up : 

first, to reserve bandwidth for each connection from the knowledge of the source characteristics, the network status, 
25 and 

secondly, when no bandwidth is available, to preempt connections in the wiser manner according to the call priority. 

Modern network architectures have introduced a large range of connection priorities to cope with the various prop- 
erties of the source : burstiness, quality of service, error or loss probability, ... Connections priorities specify the relative 

30 importance of connections in the network, that means the order in which connections can be eventually released or 
submitted to a degradation of their quality of service. More particularly, connection priorities are used by the path selection 
process to determine the feasibility of a potential route for a new connection in the loaded network. When not enough 
resource is available to provide a path to a new connection, some existing connections may be terminated in order to 
allow the new connection to be established on the link if this one has a higher priority. 

35 Note : The connection priority is not related to the order in which data packets are transmitted in the network. The 
problem of the transmission of urgent packets, is handled by a specific packet scheduling process. The delay priority 
determines for each type of traffic (for example, real time versus non-real time traffic), what service a packet will receive 
at each intermediate hop of its path from the origin to the destination node. The same delay priority is assigned to every 
packet that flows in the same network connection. 

40 The objective to best manage the network connection requests a high number of priorities which puzzles the search 
for the best path and requires an enormous amount of information to monitor as well as to store in the topology database 
within the nodes. These priorities could lead to an excessive control flow overhead contributing to the congestion of the 
network and to the degradation of the processing capacity of the nodes. 

45 Priority Groups 

The present invention allows to make a more efficient use of the resources and particularly of the bandwidth available 
in high bandwidth networks based on multiple preemption priorities. 

A first step is to define a limited number of priority groups to use in the routing functions. The target is to select 

so the best path according to the bandwidth available within the low number of priority groups previously defined. The 
bandwidth used by the network connections is not known for each connection priority value but only for each priority 
group. A first approach is to consider only the bandwidth of inferior preemption groups as potentially available, as no 
information is available on the distribution of the priorities in a given priority group. However, for sixty five priority values 
arranged in four priority groups, for example, the network path selection mechanism can be imprecise or can even fail 

55 in finding a route in the network though a route is actually feasible. This problem is likely to occur especially when the 
network is highly loaded. 

A second step is to compute, from the cumulated bandwidth information associated to each priority group stored 
in the Topology Database, a median priority level defined as the priority level that divides the used bandwidth of the 
group in two equal parts. Connections can be established even if not enough bandwidth exists in groups with lower 
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holding priorities or when new connections belong to the lower group, by preempting, in some situations, connections 
in their own group. The median priority allows a much better knowledge of the bandwidth utilization per group on a link 
while consuming very little memory space and generating very low traffic overload. 

5 Summary of the invention 

The present invention discloses a method, in a packet switching communication network comprising a plurality of 
nodes interconnected with transmission links, for establishing a new connection and for reserving bandwidth between 
an origin node and a destination node, with a given requesting priority level by preempting, when insufficient bandwidth 
10 is available on a link, existing connections of lower holding priority levels, each node in the network comprising one or 
more communication adapters for receiving and transmitting data packets, a route controller (305) for allocating, con- 
trolling and managing network resources, and a topology database, updated by means of network control messages, 
for storing the network configuration and traffic characteristics, said method characterized in that it comprises the steps 
of: 

'5 

arranging connection priority levels according to an increasing order in predefined priority groups, each priority 
group comprising a plurality of priority levels, 

computing for each network link, and for each* priority group, one or a plurality of dynamic intermediate priority 
20 levels, each priority level dividing the bandwidth reserved by existing connections into a predefined ratio, 

determining for each network link, and for each priority group, the bandwidth reserved by existing connections 

storing and updating for each network link and for each priority group, said dynamic intermediate priority levels and 
25 said reserved bandwidth in the topology database of each node of the network. 

establishing a connection with a given requesting priority level located in a given priority group by preempting, when 
insufficient bandwidth is available, existing connections with holding priority levels located in lower groups or in the 
same priority group than said given priority group. 

30 

The invention discloses the further steps of : 

receiving a connection request with a bandwidth resevation request 

35 • determining the requesting priority level and the corresponding priority group of said connection request, 

selecting a path in the network from the origin node to the destination node satisfying user's requirements included 
in said connection request, 

40 • if no bandwidth is available on a link belonging to previously selected path, identifying the lower dynamic intermediate 
priority level which is the closest, in the same priority group to said requesting priority level 

■ if there is no lower dynamic intermediate priority level in the same priority group, preempting connections of 
lower priority groups, 

45 

m if there is at least one lower dynamic intermediate priority level, preempting connections of lower priority groups 
and if necessary preempting connections in the same priority group up to said closest lower dynamic priority 
level. 

so • If not enough bandwidth is available and can be preempted, rejecting the connection request, 

if the requested bandwidth on link is available or can be preempted, establishing said connection and reserving said 
requested bandwidth with a given holding priority level along previously selected path, and 

55 • computing the new dynamic intermediate priority levels and new bandwidth reservations. 

updating the topology database with said new dynamic intermediate priority levels and said new bandwidth reser- 
vations. 
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Description of the drawings 

Figure 1 describes the call set up and the bandwidth reservation process according to the present invention. 
Figure 2 shows a typical model of high speed packet switching network including the access and transit nodes 
5 claimed in the present invention. 

Figure 3 describes a high speed Routing Point according to the present invention. 
Figure 4 shows link bandwidth distribution on priority groups according to the prior art. 
Figure 5 describes the Topology Database general structure. 

Figure 6 shows the use of the Dynamic Median Priority according to the present invention. 
10 Figure 7 shows the bandwidth reservation information stored in the Topology Database according to the present 
invention. 

Figure 8 details the Dynamic Median Bandwidth computation according to the present invention. 
Figure 9 shows the bandwidth distribution on a link per priority level according to example 2. 

is Description of the preferred embodiment of the invention 

High speed packet switching networks 

As illustrated in Figure 2, a typical model of communication system is made of several user networks (212) com- 
20 municating through a high performance network (200) using private lines, carrier provided services, or public data net- 
works. Each user network can be described as a set of communication processors and links (21 1) interconnecting large 
computers used as Enterprise Servers (213), user groups using workstations or personnel computers attached on LAN 
(Local Area Networks 214), applications servers (215), PBX (Private Branch exchange 216) or video servers (217). 
These user networks, dispersed jn different establishments, need to be interconnected through wide area transport 
25 facilities. Different approaches can be used for organizing the data transfer. Some architectures involve the checking for 
data integrity at each network node, thus slowing down the transmission. Others are essentially looking for a high speed 
data transfer. To that end the transmission, routing and switching techniques within the nodes are optimized to process 
the flowing packets towards their final destination at the highest possible rate. The present invention belongs essentially 
to the latter category and more particularly to the fast packet switching network architecture detailed in the following 
30 paragraphs. 

Switching Nodes 

The general view in Figure 2 shows a fast packet switching transmission system comprising eight nodes (201 to 
35 208) each node being interconnected by means of high speed communication lines called Trunks (209). The access 
(210) to the high speed network by the users is realized through Access Nodes (202 to 205) located at the periphery. 
These Access Nodes comprise one or more Ports, each one providing an access point for attaching external devices 
supporting standard interfaces to the network and performing the conversions required to transport the users data flow 
across the network from and to other external devices. As example, the Access Node 202 interfaces respectively a 
40 Private Branch exchange (PBX), an application server and a hub through three Ports and communicates through the 
network by means of the adjacent Transit Nodes 201 , 208 and 205. 

Each network node (201 to 208) includes a Routing Point where the incoming data packets are selectively routed 
on the outgoing Trunks towards the neighboring Transit Nodes. Such routing decisions are made according to the infor- 
mation contained in the header of the data packets. In addition to the basic packet routing function, the network nodes 
45 also provide ancillary services such as : 

the determination of routing paths for packets originated in the node, 

directory services like retrieving and updating information about network users and resources, 
the maintaining of a consistent view of the physical network topology, including link utilization information, and 
so • the reservation of resources at access points of the network. 

Each Port is connected to a plurality of user processing equipments, each user equipment comprising either a 
source of digital data to be transmitted to another user system, or a data sink for consuming digital data received from 
another user system, or, typically, both. The interpretation of the users protocols, the translation of the users data into 
55 packets formatted appropriately for their transmission on the packet network (200) and the generation of a header to 
route these packets are executed by an Access Agent running in the Port. This network layer header is made of Control, 
Routing and Redundancy Check Fields. 



5 

BNSDOCID: <EP 0714192A1J_> 




EP 0 714 192 A1 

The Control Fields include, among other things, an encoded identification of the protocol to be used in interpreting 
the Routing Field. 

The Routing Fields contain all the information necessary to route the packet through the network (200) to the des- 
tination End Node to which it is addressed. These fields can take several formats depending on the routing mode 
5 specified 

The Redundancy Check Fields are used to check for errors in the header itself. If an error is detected, the packet 
is discarded. 

Routing Points 

10 

Figure 3 shows a general block diagram of a typical Routing Point (300) such as it can be found in the network 
Nodes (201 to 208) illustrated in Figure 2. A Routing Point comprises a high speed packet Switch (302) onto which 
packets arriving at the Routing Point are entered. Such packets are received : 

is • from other nodes over high speed transmission links (303) via Trunk Adapters (304). 
from users via application adapters called Ports (301). 

Using information in the packet header, the adapters (304, 301) determine which packets are to be routed by means 
of the Switch (302) towards a local user network (307) or towards a transmission link (303) leaving the Node. The 
20 adapters (301 and 304) include queuing circuits for queuing packets prior to or subsequent to their launch on the Switch 
(302). 

The Route Controller (305) calculates the optimum routes through the network (200) so as to minimize the amount 
of network resources used to complete a communication path and builds the header of the packets generated in the 
Routing Point The optimization criteria includes the characteristics of the connection request, the capabilities and the 

25 utilization of the Trunks in the path, the number of intermediate nodes ... All the information necessary for the routing, 
about the nodes and transmission links connected to the nodes, are contained in a Network Topology Database (306). 
Under steady state conditions, every Routing Point has the same view of the network. The network topology information 
is updated when new links are activated or new nodes added to the network Such information is exchanged by means 
of control messages with all other Route Controllers to provide the necessary up-to-date information needed for route 

30 calculation (such database updates are carried on packets very similar to the data packets between end users of the 
network). The fact that the network topology is kept current in every node through continuous updates allows dynamic 
network reconfigurations without disrupting end users logical sessions 

The incoming transmission links to the packet Routing Point may comprise links from external devices in the local 
user networks (210) or links (Trunks) from adjacent network nodes (209). In any case, the Routing Point operates in the 

35 same manner to receive each data packet and forward it on to another Routing Point as dictated by the information in 
the packet header. The fast packet switching network operates to enable a communication between any two end user 
applications without dedicating any transmission or node facilities to that communication path except for the duration of 
a single packet. In this way, the utilization of the communication facilities of the packet network is optimized to carry 
significantly more traffic than would be possible with dedicated transmission links for each communication path. 

40 

Routing Modes 

The routing within the network presents two aspects : 

45 1 . Determining what the route for a given connection shall be. 
2. Actually switching the packet within a switching node. 

There are many methods of determining a route through a network. For very high throughput, once the route 
selected, the critical item is that the switching elements must be able to route an incoming packet in a very short portion 

so of time. Driven by the requirements to keep transit node processing at a minimum, the transport services are designed 
to operate on an end-to-end basis so there is no hop-by-hop error recovery or re-transmission envisioned for high speed, 
high performance (low error) links. There is also no need for transit nodes to be aware of individual transport connections. 

Data packets are routed and queued in the transit nodes according to the routing information contained in the header. 
Several routing modes can be used in high speed networks (refer to an Introductory Survey (pages 116 to 129) - 

55 GG24- 38 16-01 ITSC Raleigh June 1993). However, in most of the case, packets using different modes can share the 
same data transmission facilities. As illustrated by the following examples, each routing mode has its particular intended 
use and includes advantages and disadvantages that complement the other modes. : 

Point-to-Point Transmission : 
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■ Source Routing 

This routing mode is* a particular implementation of the distributed routing for connectionless networks. 
TTie access node is responsible for calculating the route the packet must take through the network. Each packet 
includes in its routing field a list of the labels of all links through which the packet will pass as it moves across 
5 the network. Source Routing requires no connection set up activity in intermediate nodes and supports true 

datagram services. 



■ Label Swapping 

This routing mode is used in connection oriented networks. Each packet sent on the link has a header 
w which includes an arbitrary number identifying which logical connection that this packet belongs to. Label Swap- 

ping requires that connection tables be set up and maintained dynamically in each node. 



Multi-Points Transmission : 

Multicast allows one entity to communicate with multiple entities. 
is The Multicast Tree Routing is supported by the ability of each node to recognize that a particular label 

represents a pre-defined tree and to forward the received packet along all the outbound links associated with that 
tree. 



Network Control Functions 

The Network Control Functions are those that control, allocate, and manage the resources of the physical network. 
Each Routing Point has a set of the foregoing functions in the Route Controller (305) and uses it to facilitate the estab- 
lishment and the maintenance of the connections between users applications. The Network Control Functions include 
in particular : 

Directory Services : 



■ for retrieving and maintaining information about network users and resources. 



30 • a Bandwidth Management : 

■ for processing the bandwidth reservation and maintenance messages, and 

■ for monitoring the current reservation levels on links. 



35 • a Path Selection : 



■ for choosing the best path for each new connection considering the connection requirements and the current 
link utilization levels. 



40 • a Control Spanning Tree : 



■ for establishing and maintaining a routing tree among the network nodes, 

■ for using it to distribute control information (in parallel) including link utilization, and 

■ for updating nodes and their Topology Database with new network configurations or link/node failures. 

45 

The Control Spanning Tree is the principal system used to disseminate control information such as Topology Data- 
base (306) updates. This mechanism is fundamental to minimize delays due to intermediate node processing : 

■ First, an intermediate node will get each control message exactly once on the tree, and 
so m second, the message can be forwarded along outgoing links of the tree before the intermediate node has even 
looked at the packet contents. 

A distributed algorithm creates and maintains the Control Spanning Tree in presence of node and link failures and 
helps to minimize the impact of the increased control flows that result when the network grows. 

55 

a Topology Update : 

■ for distributing and maintaining, in every node, information about the physical and logical network (including 
link utilization information) using the Control Spanning Tree. 
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a Congestion Control : 

■ for enforcing the bandwidth reservation agreements between the network's user and the network which are 
established at the call set up time, and 

5 ■ for estimating actual bandwidth and for adjusting reservation if necessary during the life of the connection. 

Bandwidth Management 

An efficient bandwidth management is essential to take full advantage of a high speed network. While transmission 
io costs per byte continue to drop year after year, transmission costs are likely to continue to represent the major expense 
of operating future telecommunication networks as the demand for bandwidth increases. Thus considerable effort has 
gone into designing congestion control, estimation, and path selection algorithms contributing to manage the network 
bandwidth. 

The simplest way to provide low/no packet loss would be to reserve the entire bandwidth of the user connection. 
is For bursty user traffic however, this approach can waste a significant amount of bandwidth across the network. The 
basic idea is to reserve a bandwidth amount equal to the "equivalent capacity" needed by the user, said equivalent 
capacity being a function of the source characteristics and of the network status. The reservation level falls somewhere 
between the average bandwidth required by the user and the maximum capacity of the connection. 

Most of the high speed connections are established on a reserved path to guarantee the quality of service and 
20 the bandwidth requested by the user. This path across the network is computed by the originating node using information 
in its Topology Database including current link utilizations. The originating node then sends a reservation request along 
the chosen path, and intermediate nodes (rf allowing the reservation) then add this additionally reserved capacity to 
their total. These changes are reflected in topology broadcast updates sent by the intermediate nodes. Intermediate 
nodes need not have an awareness of the status of each connection on their adjacent links. If an intermediate node 
25 does get too many packets, generally because of unanticipated burstiness, it simply discards them (the user can select 
a service that will recover from such discards). 

Depending on the node type, the function of the Bandwidth Management is : 

in the origin node, 

30 

m to identify the best possible route according to the network status and the connection parameters including the 
connection priority, 

■ to reserve, at call set up, the bandwidth required by the network connections and to maintain this bandwidth for 
the duration of the connection. 

35 m to reject the connection if resources needed to satisfy the request are not available in the network. 

in a transit node, 

■ to administer the bandwidth reservations on the links. 

40 

Topology Database 

The Topology Database contains information about nodes, links, their properties, and bandwidth allocation. The 
topology information is replicated in each node of the network. A topology algorithm guarantees the correctness of each 
45 node's Topology Database as links and nodes are added, deleted, or change their characteristics. The database contains 
two classes of information : 

the physical topology of the network which includes static information like physical characteristics of nodes and links, 
the state of the nodes and links, and 
so • the fink utilization which includes the dynamic characteristics like current bandwidth (used and reserved), real time 
measurements. 

Database Structure 

55 The general organization of the Topology Database is shown in Figure 5. To each resource in the network, nodes 
(501) and links (502), is associated an entry in the database. Each link entry includes, in particular, the following char- 
acteristics : 

(503) the link physical properties : 
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■ transmission medium and speed, 

■ routing modes supported, 

■ maximum packet size, 

■ link buffer capacity, 

■ propagation delay, 

■ link eligible for Control Spanning Tree, 

■ bandwidth reservation supported ... 

(504) the link state : 

■ on-line (link can accept user connections), 

■ quiesce (link cannot accept additional user connections, but existing connections continue), 

■ off-line (link cannot accept user connections and existing connections are cancelled) ... 

15 • (505) the link utilization : 

m real time measurements, 

■ reserved bandwidth ... 

20 Bandwidth Reservation Information 

In common network architectures, the reserved bandwidth of a link (k,l) is defined for each connection priority level 
p and is represented by a link metric L pk! defined by three variables : 

25 • m P ,ki surn of the average bit rates of network connections on link (k,l) with priority p, 



30 

sum of the variances of the bit rate of network connections on link (kj) with priority p ( 
C p w : reserved equivalent capacity for connections on link (k,l) with priority p. 

In present invention, as it will be described later, the reserved bandwidth of links will be defined only for a limited 
35 number of priority groups, each group comprising a plurality of priority levels. The purpose is to save memory space 
and to create a very low traffic overload with update messages. However, nodes will maintain, in their Topology Database, 
the detailed reserved bandwidth distribution of their outgoing links per priority level. 

Network Metrics 

40 

Connection Metric 

The requested connection can be expressed with the following vector c : 

45 R peak rate 

m average bit rate 

b average burst duration 

The variance of the bit rate ct 2 and the utilization of the connection p are computed from the network connection 
50 metrics at the beginning of the Path Selection process. 



55 

Connection Equivalent Capacity 

The actual bandwidth occupied by a connection on a link is modelled by the Connection Equivalent Capacity. Assume 
a connection V with metric (Rjmjbj) to be set up over a link operating at constant rate. A buffer is used at the link head 



m 

P= R 



o = m(R - m) 
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in order to cope with the source bursts. The link capacity required to handle the connection with a desired buffer overflow 
£ is given by : 

, y-X + J{y-xf+AX Pl y 

C / = hi .■ _ 1 - 

5 ' ' 2y 

where : 

X is the amount of buffer space available 

y = lnlf>,{1 -p,)fl,. 

10 

Equivalent Capacity 

Link (k,l) connects node k with node I and supports N multiplexed connection. The Equivalent Capacity C w asso- 
ciated with the aggregation of the N connections is defined as the capacity of the link (k,l) to ensure that the traffic is 
75 handle with a desired buffer overflow probability s and a buffer size X. 
Equivalent capacity of link (kj) : 

n A 

20 Cki = CfP = X = sum of the connection equivalent capacities 

i = i 



25 

Link Metric 

The metric of the link (k.1) reflecting the current utilization of said link, is defined as the vector : 

30 



35 



where : 

40 



45 



rrtki — 2 m x 



is the total mean bit rate, and 



50 



i 1 =1 



55 i = 1 



is the sum of the variances of the connections on the link (k,l). 
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Reservable Link Capacity 

If C w is the total capacity of link(k ( l)then R M = rfx C ki is the reservable capacity of this link (k,l).rfis the reservable 
fraction of the link capacity. It allows to let some link bandwidth always available (non reserved) to flow the network 
5 control traffic (C M s R M ^ C w ). For most network architectures, no more than 85% of a link's total bandwidth C w can 
ever be explicitly reserved for user traffic (rf < 0.85). 

Path Selection 

10 The purpose of the Path Selection process is to determine the best way to allocate network resources to connections 
both to guarantee that user quality of service requirements are satisfied and also to optimize the overall throughput of 
the network. The Path Selection process must supply to the requesting user a path over which a point-to-point connection 
will be established, and some bandwidth wilt be reserved if needed. The Path Selection algorithm uses as input param- 
eters on one side the user requirements and on the other side the status of the network links and nodes as maintained 

is in the Topology Database. The Path Selection function selects the "best" path based on the following criteria, listed in 
the order of importance : 

Quality Of Service : 

The connection's Quality Of service requirements are to be satisfied throughout the life of the connection. 
20 • Minimum Hop : 

The path shall consist of as few links as feasible to support the connection's Quality Of Service requirements, 
thus minimizing the amount of network resources as well as processing costs to support the connection. 
Load Balancing : 

Among minimum hop paths, a path with "lightly loaded" links is preferred over a path with "more heavily loaded" 
25 links based on the network conditions at the time of path selection. 

Quality Of Service Requirement 

There are a large number of variables that determine the performance of a network. However, the quality of service 
30 can be defined as the set of measurable quantities that describe the user's perception of the service offered by the 
network. Some Quality Of Service parameters might have an effect upon how path are computed, for example : 

the Packet Loss Probability 

The traffic loss probability of a connection is guaranteed to be less than the minimum allowable value if at each 
35 link (k,l) used in the connection. The amount of reserved bandwidth 



40 

is always kept from exceeding the link's reservable capacity R M . This is achieved by considering only those links 
(kj) for which 



AC A 

CB></?u 

during path selection. 

so • the End-to-end Transit Delay 

Factors that influence this parameter, in addition to network load conditions are the link propagation delay (con- 
stant delay) and the intermediate node transmission delay (variable delay). 

The effect of some of these parameters upon path computation might be in the form of additional constraints. For 
55 example, the sum of propagation delays along a computed path may not violate the End-to-end Transit Delay specifica- 
tion. In any case, both the set of Quality Of Service parameters and the network connection characteristics specified 
influence the path computation. 
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Minimum-Hop Requirement 

The Path Selection function finds a path with as few links as possible that supports the Quality of Service require- 
ments of each of the requested connection. This minimizes the amount of network resources used and the cost to 
support the connections. The path computation is based on the links reservation levels at the time the connection is 
requested. This path may not have the "absolute minimum" number of hops (the number of links in a minimum hop path 
that satisfies the Quality Of Service requirements assuming that the requesting connection is the only one using the 
network). If a path with this absolute minimum number of hops cannot be found a longer path has to be used. A path 
having an absolute minimum hop count is called a principal path, and its links are called principal links. A path having 
more hops than the absolute minimum hop count is called an auxiliary path and its links may be principal or auxiliary. 

The Path Selection process considers that a principal link can be utilized up to its reservable capacity fljybut that 
an auxiliary link can be utilized only up to a x fl w where a is generally equal to 0.9, the purpose being to favor the principal 
links in order to optimize the global utilization of the network resources. In the auxiliary links, the remaining fraction of 
the reservable capacity is set aside for future connections with respect to which these links are principal. 

Load Balancing Requirement 

A Load Balancing Weight w M , which is an increasing function of the amount of bandwidth reserved on the link, is 
assigned to each link. During Path Selection, if more than one minimum hop path satisfying the Quality Of Service 
constraints, the one with the smallest path weight (i.e., the sum of the links weights over the path) is chosen. The weight 
of a link is given by: 




where: 

C w is the total capacity of the link 



op 

is the capacity reserved on the link before the new connection 



is the capacity reserved on the link including the new connection 

The more the links are congested, higher the weights are. 

Additional Requirements 

Additional requirements are considered during the selection of the best point-to-point path, in particular : 

delay priority on the connection (real time, non-real time ...), 

connection priority, 

state of the links on the path, 

routing modes supported by links ... 
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Path Selection 

The Path Selection function is executed during the second phase of the Call Set Up process which will be described 
later. The inputs of the path computation are the connection parameters and the connection priority level p. The output 
5 is a path with the required Quality Of Service or the rejection of the connection. The function comprises the following 
steps : 

Path Determination : 

The origin and destination information is used in conjunction with the Directory Services and the Topology 
w Database to determine all the possible paths for connection V. 

Connection Request Victor Computation : 

A request vector o^for the connection V is computed using the connection metric c = (R^m^b,) and the 
requested equivalent capacity c , w of each link (k,l) with different buffer size X and loss probability requirements e. 



20 



25 



30 



40 



45 



50 



55 



Equivalent Link Capacity Computation . 
Equivalent Capacity of link (kj) 



p 

J max 



r(2) 



35 with : 



p= requesting priority level of the requesting connection Y 
P max = highest priority level on the link. 



If the requesting equivalent capacity 



c u < R k! - C® 



the link (kj) can be accepted, and 
if the requesting equivalent capacity 



the link (k.l) is rejected, 
with f? w equal to the reservable capacity on link (kj). 
Link Metrics Updating : 
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The metric of each link in each potential path is updated according to the new connection 

A 



10 • Link weight : For each link, the new and old capacities are used to compute the link weight : w w . 
Principal finks : Principal and auxiliary links are computed. 

Shortest path : the shortest path satisfying the Quality Of Service requirements with the minimum hop count h min 
is is selected by means of a routing algorithm derived from the Bellman-Ford algorithm. 

Load balancing : the shortest path with the smallest path weight is finally chosen. 

Note : European Patent Application 93480030.1 entitled "Method and Apparatus for Optimum Path Selection in 
20 Packet Transmission Networks" details a particular implementation of the Bellman-Ford algorithm for computing the best 
route through a high speed packet switching network. 

Connection Set Up 

25 A connection is defined as a path in the network between the origin access node and the destination access node 
representing respectively the source user and the target user. The connection set up and bandwidth reservation process, 
as shown in Figure 1 . comprises the following steps : 

( 1 01 ) a Connection Request \$ specified by the user via a set of parameters including origin and destination network 
30 address, and data flow characteristics (bit rate, burstiness). 

(102) a Path Selection process determines a path and a set of connection requests, one for each link of the path, 
using parameters provided by the Topology Database. 

35 * (103) a Bandwidth Reservation process uses the connection requests to reserve bandwidth on each of the links 
of the path. This process involves exchange of information (1 09) between the origin (access) node (1 00), the transit 
nodes (107) on the path, and the destination node (108). 

(104) Bandwidth Reservation Replies from transit nodes and end node generate either a call acceptance or a 
40 call reject (110). 

(1 05) a Link Metric Update process updates, in case of call acceptance, the modified link metrics. This information 
(1 1 1) is sent through the Control Spanning Tree to the Topology Database of each node in the network by means 
of a broadcast algorithm. 

45 

(106) a Congestion Control Set Up adjusts, if the call is accepted, the network connection characteristics. 
Network Connection Preemption 

so Bandwidth Reservation 

At the connection set up. two paths, one for each direction, are computed and described by a source routing chain. 
Before to send data packets along said paths, transmission capacity must be reserved. The reservations for 
transmission from the origin to the destination are called the forward bandwidth reservations, and the reservations for 
55 transmission from the destination to the origin are called the backward bandwidth reservation. 

The origin node (100) sends a Bandwidth Request message (109) (/, c f kh c bfk & (with the source routing chain 
previously computed) to each of the transit nodes (107) along the chosen path, where i is the identifier of the network 
connection, and c /; W and c ^represent respectively the forward and backward requested connection equivalent band- 
width capacity. 
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Upon receiving a Bandwidth Request message, a transit node determines (103) if there is sufficient capacity to 
satisfy the request. Each transit node responds to the origin node with a Bandwidth Reply message (110) (ijink f jink b 
c f,kh c b,kh where t is the network connection identifier, link f \$ the forward outgoing link identifier, link b is the backward 
outgoing link identifier, c fkt is the capacity granted in the forward direction, and c bjkl is the capacity granted in the 
5 backward direction. 

If an intermediate node cannot accommodate the requested capacity in either direction, it set c f kl (resp. c bM ) 
of its Bandwidth Reply to zero. 

When the origin node collects a non-zero Bandwidth Reply for each link along the intended route and from the 
destination node, the reservation is deemed successful. It then immediately sends a Bandwidth Refresh message (111) 
w ('. c f jS to each transit node (1 07) and to the destination node (1 08) to let them know that all parties have agreed to the 
reservation and that the end points do indeed intend to use forward capacity c ^ It also sends a Path Enabled message 
to the destination node indicating that all parties have agreed to the backward reservation for the capacity c bkh The 
destination node responds by sending a Bandwidth Refresh message (/, c b w ) to each transit node and to the origin 
node along the reverse path. 

15 If the origin node receives a zero Bandwidth Reply from any transit node or from the destination node, the res- 

ervation fails. 

Connection Priorities 

20 Connection priorities are used by the Path Selection process to determine the feasibility of a potential route for a 
new network connection. A link is ineligible if the requested bandwidth is already held reserved for higher priority estab- 
lished connections. On the other side, some existing connections using this link may be preempted (terminated) in order 
to allow the new connection to be established on the link if this new connection has a higher priority. 
Each network connection is assigned two priority attributes : 

25 

a Requesting Priority p r 

used by a new connection for preempting existing connections (with lower priority) when necessary, and 
a Holding Priority p h 

used by an existing connection to defend its position on a link against new connections wishing to use the same 

30 link. 

A priority attribute is, in general, a natural number greater than or equal to zero, zero being the lowest priority. 
Established network connections defend their reservations with their Holding Priority. The preemption can occur if the 
Requesting Priority of the new connection is higher than the Holding Priority of the existing connection(s). In other words, 
35 a request with Requesting Priority x will preempt network connections with Holding Priority y only when x is greater than y. 
The Holding Priority of a connection is generally higher than its Requesting Priority for stabilization purpose (p h 

>Pr)- 

Note : It is particularly important to avoid preempting connections too often, because significant changes require 
new path selection and new bandwidth control flows across the network. That is why frequent preemptions, if poorly 
40 managed, could lead to a network collapse. 

Using the priority information stored the Topology Database, the Path Selection process searches a feasible path 
while preempting only lower priority connections. During the call set up, when a preemption must be initiated, the transit 
node triggers a process that causes the sources of low priority connections to release their bandwidth reservations. 
Since each transit node keeps complete information about each connection (incl. connection priority) a transit node may 
45 initiate a preemption of a connection by sending an explicit preemption request to a source access nodes. 

Network connections that are preempted will typically attempt to reestablish themselves on a new route that avoids 
the busy link(s) that caused them to be preempted. 

Requesting Priority 

50 

The number of priority level depends of the network architecture and of the type and diversity of traffic transmitted. 
As illustration, we will suppose that the network architecture supports 65 possible levels of Requesting Priority for a 
connection (0 =£ p r ^ 64) : 

0 (no preemption possible) 

55 1 
2 

63 
64 
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Holding priority 

We will suppose, also, that the network architecture supports 65 possible levels of Holding Priority for a connection 
(0 ^ p h =s 64) : 
5 0 
1 
2 

63 

10 64 (unpreemptible priority) 

The Topology Database tracks for each link the reserved, held bandwidth (capacity) corresponding to the different 
connection preemption priorities. 



15 



20 



Priority Groups 

To avoid excessive storage space in the Topology Database and control message overhead, priorities are handled 
within a limited number of groups. In an architecture with, for example, 65 connection priority levels, it is possible to 
implement only four groups The bandwidth used by all connections on a given network link is arranged in these preemp- 
tion priority groups in order not to store in each node of the network all bandwidth information for each of the 65 priorities. 



• Group 0 (g = 0) contains the link bandwidth used by connections with the lowest priorities: 

0 =i p < 16 

25 • Group 1 (g = 1) contains the link bandwidth used by connections with priorities: 

16^ p <32 

Group 2 (g = 2) contains the link bandwidth used by connections with priorities: 

30 

32 ^ p < 48 

Group 3 (g = 3) contains the link bandwidth used by connections with the highest priorities: 

35 48 ^ p ^ 64 

When a new network connection must be established, a set of links to build a path for the connection must be 
selected through the network. If not enough bandwidth is available on the links that would be needed due to excessive 
traffic conditions, the Path Selection function considers the requesting priority p r of the new connection in order to see 
40 if it has enough priority to preempt some already existing connections on the given link(s). As the information, in-the 
Topology Database, on links bandwidth is available only for each of the 4 global priority groups (0 to 3), only the bandwidth 
used by connections belonging to groups of a lower holding priority p h than the new connection can be considered as 
preemptible. 

For example, a new network connection with requesting priority p r = 37 (priority group g = 2) can only preempt 
45 existing connections belonging to holding preemption priority groups 0 and 1 . The bandwidth occupied by network con- 
nections with holding priorities 0 ^ p h < 32 will just be considered as free bandwidth. 

An illustration of bandwidth reservation (404) on a link by several connections of different priorities (405) is shown 
in Figure 4 : 

24 % of bandwidth is reserved by connections of group 0 (400) 
so 1 6 % of bandwidth is reserved by connections of group 1 (401) 

24 % of bandwidth is reserved by connections of group 2 (402) 
8 % of bandwidth is reserved by connections of group 3 (403) 
28 % of link reservable bandwidth is free (406) 

The exact distribution of connections priorities inside each of the 4 groups is only known by the transit node and 
55 is not replicated in each nodes of the network (not to overload the network with Topology Database update messages). 
In particular, the origin node contains only the bandwidth distribution of priority groups. The general format of the link 
information stored in the Topology Database is shown in Figure 5. This information comprises : 

the link physical properties, 
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the link state, and 

the bandwidth reserved on the links for each priority group. 

The bandwidth reserved is regularly updated by means of Topology Database update messages exchanged on the 
5 Control Spanning Tree. 

Dynamic Median Priority 

The origin node have not the knowledge of the bandwidth used by the network connections for each connection 
10 priority but only for each priority group. In our example, with 65 priority levels arranged in 4 priority groups, the network 
Path Selection mechanism may be imprecise or may even fail in finding a route in the network though a route would 
actually be feasible. This problem is likely to occur especially when the network is highly loaded. If no further information 
is available on the distribution of the priorities within a given priority group, only the bandwidth of inferior preemption 
groups can be considered as potentially available. The knowledge of a Dynamic Median Priority (DMP) in each preemp- 
15 tion group, may allow the establishment of a new connection by considering the preemption of connections of its group 
during the path selection operation. 

Dynamic Median Priority Definition 

20 A further idea brought by the present invention consists in establishing connections even if not enough bandwidth 
exists in groups with lower holding priorities or when new connections belong to group 0, by preempting, in some situ- 
ations, connections in their own group. From the cumulated bandwidth information associated to each priority group 
stored in the Topology Database is computed a Dynamic Median Priority value (DMP) defined as the priority value that 
divides the used bandwidth of the group in two equal parts. The Dynamic Median Priority allows a much better knowledge 
25 of the bandwidth utilization per group on a link while consuming very little memory space and generating very low traffic 
overload. It allows to determine if a path is available or not for a new connection with much more precision and efficiency 
and reduces the number of connections rejected by the Path Selection during the Call Set Up. 

If for example a new connection has the priority p r = 37 (priority group g = 2) and the DMP value of group 2 is 35, 
then this new connection may preempt existing connections of its group, even if the average priority of group 2 is 40. 
30 The function evaluating the available bandwidth can now consider that at least half of the bandwidth used by group 2 
connections can be preempted by the new connection. More bandwidth is now available. This scenario is illustrated in 
Figure 6. Bandwidth available to a connection with priority p f = 37 is: 
+ 28 % (free bandwidth) 
+ 24 % (group 0 bandwidth) 
35 + 16 % (group 1 bandwidth) 

+ 12 % (half of group 2 bandwidth) 
80% of link reservable bandwidth 

At least half of group 2 bandwidth is preemptible as the connection requesting priority p r = 37 is higher than group 
2 median p h = 35 

40 In order to be implemented in the network architecture, the Dynamic Median Priority must be added to the band- 

width reservation information related to the priority groups of each link and stored in the Topology Database accessed 
by the Path Selection process. 

The present invention allows a more efficient handling of preemption priorities in the network, leading to less 
unsuccessful connection set up and better overall behaviour of network, especially under high load conditions. 

45 

Dynamic Median Priority Computation 

In transit nodes, the Bandwidth Management function is responsible of the links bandwidth reservation and utilization 
and of the duplication of this information in the Topology Database of each network node by means of update messages. 
so As previously described, a link bandwidth reservation information is defined for each of the four preemption groups. 
Each preemption group for a specific link (k.l) is described by at least two variables : 

the reserved bandwidth of existing connections in the group (C s ,w)> and 

the Dynamic Median Priority (DMP gikf ) value which must be considered as a very useful indicator on the bandwidth 
55 distribution of the connections inside the group. 

In fact the Dynamic Median Priority is formally defined as the minimum priority corresponding at least to the half of 
the reserved bandwidth inside a priority group. It is clear that each time a change on the bandwidth reservation of a 
preemption group occurs (due to connection set up, disconnection, bandwidth reservation change for a connection), the 
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resulting process involved is a new computation of the cumulated bandwidth reservation (very simple) but also a new 
computation of the Dynamic Median Priority value. The algorithm to determine the Dynamic Median Priority is quite 
simple and is illustrated in Figure 8 : inside the group corresponding to the Dynamic Median Priority under computation, 
the process must sum the reserved bandwidth of each priority level from the lowest one up to just exceed the total 
5 reserved bandwidth divided by two. The Dynamic Median Priority is then the last priority used in the process loop. 
Pseudo code : 

• P = Pmin " 1 (800) 

(initialization of the variable p meaning 'priority level' to the lowest priority level p min , inside priority group g, 
10 minus one priority level) 

• x= 0(800) 

(initialization to zero of the variable x meaning 'cumulated reserved bandwidth*) 

is • While x ^ aCg t ki (801) 

( Cg t ki '■ Total reserved bandwidth in the priority group g and a = 1/2) 

■ Dop = p+l (802) 

(increment by one priority level variable p) 

20 

m Dox=x+ C Pj a/(802) 

(add the bandwidth reserved for priority p { C Pi kb to the current value taken by the variable x and put the result 
inside variable x) 

25 • Done 

• DMP gW = p(803) 

(p : variable containing the resulting priority at the exit of the loop when the 'While' test above is false) 
30 Dynamic Median Priority in Path Selection 

When the Path Selection process assesses that it is unable to find a feasible path without disconnecting a certain 
number of preemptible connections (with lower priority level), it enables the following preemption mechanism : 

35 • If the requesting priority of the connection (p r e g) is lower or equal to the Dynamic Median Priority (DMP g $ of its 
group (g) : 

Only the reserved bandwidth of the lower groups may be preemptible 

If the priority of the connection (p r e g) is higher than the Dynamic Median Priority (DMP g k fi of its group (g) : 
40 Half the reserved bandwidth in this group 



45 g (— 2~ ) 

may be added to the reserved bandwidth of the lower groups to compute the aggregate preemptible reserved band- 
width. 

50 

This means that the step of computing the Equivalent Link Capacity previously described in the Path Selection 
process can be now wrrten as follows : 
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If p r ^ DMP g fd (p r e g) then the reserved Equivalent Capacity of link (k,l) is equal to 



10 



25 



35 



40 



45 



G max 



r< 2 >- Vc< 2 > 

c */ — 7 ^jjci 



J = g 



with : 

q - priority group of the requesting connection, 
G max = highest priority group on the link. 
is • If p r > DMP gk} (p r e g) then the reserved Equivalent Capacity of link (kj) is equal to : 



so C^ 2 ). ^ 



kl - 2 / J* 1 

7 = g+ 1 



with : 

g = priority group of the requesting connection, 
G max = highest priority group on the link. 
30 The preemption can be determined be means of the following considerations : 

If the requesting equivalent capacity 



c„</?«-a?\ 



the link (k,l) is eliigible, and 

if the requesting equivalent capacity 



c kl >R,u-C& 

the link (k,l) is rejected, with R M equal to the reservable capacity of link (k t l). 
Dynamic Median Priority in Topology Database 



so As illustrated in Figure 7, for each link (kl), a reserved equivalent capacity C 9i hh a sum of tne average bit rate of 
the connections m g kh a sum of the variance of the connections 



55 



and a Dynamic Median Priority DMP g M are defined for each priority group. The Dynamic Median Priority is broadcasted 
to all network nodes and stored in the Topology Database. 
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Accuracy Improvement 

By using the same preemption calculation and with minor additional process, the priority granularity within each 
priority group can be improved by means of new parameters called Dynamic Intermediate Priority levels (DIP) corre- 
sponding to predefined portions "a" of reserved bandwidth (ac with 0 < a < 1 ). For example it can be defined, in 
addition to the Dynamic Median Priority previously described : 

a Dynamic Quarter Priority (DIP V4 ) : 

Priority Value that divides the reserved bandwidth of a priority group in 25% and 75%. 

a Dynamic Three Quarter Priority (DIF& /4 ) : 

Priority Value that divides the reserved bandwidth of a priority group in 75% and 25%. 

The process to compute Dynamic Intermediate Priority levels is similar as the one described in Figure 8 (the ratio 
is "a" for the Dynamic Median Priority level is equal to 1/2). 

Dynamic Intermediate Priority levels are stored and updated in the Topology Database of each node in the net- 
work. 

The Path Selection Process is modified as follows : 
20 • If the requesting priority of the connection (p r € g) is lower or equal to the Dynamic Quarter Priority 

(DIP*!® 



25 



30 



of its group (g) : 

Only the reserved bandwidth of the lower groups may be preemptible 
If the priority of the connection (p r e g) is higher than the Dynamic Quater Priority 



(£>/Pj#) 

35 but lower than the Dynamic Median Priority 

C DMP gM = DIPHS) 



40 



45 



55 



of its group (g) : 

A quarter of the reserved bandwidth in this group 



8 (-4-) 



50 may be added to the reserved bandwidth of the lower groups to compute the aggregate preemptible reserved band- 
width. 

If the priority of the connection (p r e g) is higher than the Dynamic Median Priority 



but lower than the Dynamic Three Quarter Priority 
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of its group (g) : 

Half of the reserved bandwidth in this group 



g(— ) 

may be added to the reserved bandwidth of the lower groups to compute the aggregate preemptible reserved band- 
width. 

If the priority of the connection (p r € g) is higher than the Dynamic Three Quarter Priority 



(£>//>]#) : 

of its group (g) : 

Three quarter of the reserved bandwidth in this group g ( | C may be added to the reserved bandwidth 
25 of the lower groups to compute the aggregate preemptible reserved bandwidth. 

Note : In most cases, the improvement of the preemption accuracy in Path Selection is not the main problem for 
designing a high speed network node. The memory occupation of the Topology Database is of more concern. The object 
of the present invention is to to reduce the number of preemption groups stored in the Topology Database (memory 
30 saving) while keeping an approximately equivalent accuracy of the preemption thanks to the use in each group of the 
Dynamic Median Priority. 



Examples 

35 Two examples are detailed to show the contribution of the Dynamic Median Priority in the priority groups in the 
creation of an efficient connection preemption method. 



Example 1 : Link T1 (1.3 Mbs reservable bandwidth) 



40 In this first example all the allocated bandwidth has been done on the lowest priority group called Group 0 (This 
group comprises the 16 lowest priorities). 
The distribution is : 

100 Kbs allocated to connections having priority 1 
600 Kbs allocated to connections having priority 3 
45 300 Kbs allocated to connections having priority 4 

200 Kbs allocated to connections having priority 12 
lT2~Mbs Total 
Dynamic Mediam Priority (DMP) : priority 3 
(1 00 kbs + 600 kbs > 1 .2 Mbs / 2 ) 
so The reservable bandwidth for the T1 link is 1 .3 Mb/s, thus the remaining bandwidth is just 100 kb/s. So if a new 

connection requests more than 100 kb/s, a preemption process is mandatory to set up this connection. 



4 priority groups approach : 

Having no preemption capability on the lowest priority connections within its group, a connection belonging to 
55 priority group 0 and which requests more than 100 kb/s will not be served in our example whatever its priority 
between 0 and 1 5. 

Dynamic Median Priority (DMP) approach : 

The Dynamic Median Priority (DMP) being the priority 3, the new connection will be served in the following 
cases : 
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■ New connection priority ^ DMP and less than 100 kb/s requested 

■ New connection priority > DMP and less than 700 kb/s requested 

Example 2 : Link E3 (29 Mbs reservable bandwidth) 

5 

In this second example, illustrated in Figure 9, all the allocated bandwidth is spread over the four priority groups 
with the following distribution : 

Allocated bandwidth in Group 0 (connections with priorities between 0 and 15) 
10 3 Mbs allocated to connections having priority 2 

1 Mbs allocated to connections having priority 5 
4Mbs Total 

Dynamic Median Priority (DMP0) for group 0 : priority 2 

75 • Allocated bandwidth in Group 1 (connections with priorities between 16 and 31) 

2 Mbs allocated to connections having priority 1 7 
5 Mbs allocated to connections having priority 22 

2 Mbs allocated to connections having priority 25 
1 Mbs allocated to connections having priority 30 

20 Tolfibs Total 

Dynamic Median Priority (DMP1) for group 1 : priority 22 

Allocated bandwidth in Group 2 (connections with priorities between 32 and 47) 
1 Mbs allocated to connections having priority 33 
25 8 Mbs allocated to connections having priority 40 

3 Mbs allocated to connections having priority 46 
12Wbs Total 

Dynamic Median Priority (DMP2) for group 2 : priority 40 

30 

Allocated Bandwidth in Group 3 (connections with priorities between 48 and 64) 

1 Mbs allocated to connections having priority 50 

1 Mbs allocated to connections having priority 54 

1 Mb s allocated to connections having priority 63 
35 3 Mbs Total 

Dynamic Median Priority (DMP3) for group 3 : priority 54 



In this example, all the reservable bandwidth on the link is already allocated. A new connection set up implies that the 
40 preemption process releases the required bandwidth. 

Priority Groups 

With the 4 priority groups approach, the requirements for a new connection set up are : 

45 

If the new connection belongs to group 0 : 

the connection set up is rejected whatever the requested bandwidth. 

If the new connection belongs to group 1 : 
so Requested bandwidth < 4 Mbs. 

If the new connection belongs to group 2 : 
Requested bandwidth < 14 Mbs. 

55 • If the new connection belongs to group 3 : 
Requested bandwidth < 26 Mbs. 
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Dynamic Median Priority 

With the Dynamic Median Priority (DMP) approach, the requirements for a new connection set up are : 

5 • If the new connection belongs to group 0 : 

New connection priority > 2 and requested bandwidth ^ 2 Mbs 

If the new connection belongs to group 1 : 
New connection priority =§ 22 and requested bandwidth ^ 4 Mbs 
w New connection priority > 22 and requested bandwidth ^ 10 Mbs 

If the new connection belongs to group 2 : 

New connection priority 40 and requested bandwidth ^ 14 Mbs 

New connection priority > 40 and requested bandwidth ^ 20 Mbs 

75 

If the new connection belongs to group 3 : 

New connection priority =i 54 and requested bandwidth =i 26 Mbs 

New connection priority > 54 and requested bandwidth ^ 27.5 Mbs 

20 In all cases, the requirements to set up the new connection are less constraining with the Dynamic Median Priority 

approach. It proves its superior capability to evaluate the preemptible connections and to supply an optimal network path. 

Claims 

25 1 . A method, in a packet switching communication network (200) comprising a plurality of nodes (201 . .208) intercon- 
nected with transmission links (209). for establishing a new connection and for reserving bandwidth between an 
origin node and a destination node, with a given requesting priority level (p r ), by preempting, when insufficient band- 
width is available on a link, existing connections of lower holding priority levels (Ph). each node (300) in the network 
comprising one or more communication adapters (307, 304) for receiving and transmitting data packets, a route 

30 controller (305) for allocating, controlling and managing network resources, and a topology database (306), updated 
by means of network control messages, for storing the network configuration and traffic characteristics, said method 
characterized in that it comprises the steps of : 

arranging connection priority levels (p) according to an increasing order in predefined priority groups (g), each 
35 priority group (g) comprising a plurality of priority levels (p), 

computing for each network link (k,l) and for each priority group (g), one or a plurality (N) of dynamic intermediate 
priority levels 



(DIPS* 

with 0 < a =i /v), each priority level dividing the bandwidth reserved by existing connections into a predefined 
45 ratio (a), 

determining for each network link (k,l) and for each priority group (g), the bandwidth reserved by existing con- 
nections ( C g,*/), 

so • storing and updating for each network link (k,l) and for each priority group (g), said dynamic intermediate priority 
levels 



(DIP° sJ S) 

and said reserved bandwidth (C g> kt) in tne topology database (306) of each node of the network. 
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establishing a connection with a given requesting priority level (p,) located in a given priority group (g) by 
preempting, when insufficient bandwidth is available, existing connections with holding priority levels (p/0 located 
in lower groups or in the same priority group than said given priority group (5). 

The method for establishing a new connection according to Claim 1 , wherein said step of preempting existing con- 
nections comprises the steps of: 

receiving a connection request with a bandwidth resevation request (c), 

determining the requesting priority level (p f ) and the corresponding priority group (g) of said connection request, 

selecting a path in the network from the origin node to the destination node satisfying user's requirements 
included in said connection request, 

if no bandwidth is available on a link (k,l) belonging to previously selected path, identifying the lower dynamic 
intermediate priority level 

which is the closest, in the same priority group (g), to said requesting priority level (p,). 
■ if there is no lower dynamic intermediate priority level in the same priority group 



preempting connections of lower priority groups, 
■ if there is at least one lower dynamic intermediate priority level 



preempting connections of lower priority groups and if necessary preempting connections in the same 
priority group (g) up to said closest lower dynamic priority level. 

If not enough bandwidth is available and can be preempted, rejecting the connection request, 

if the requested bandwidth ( c ^ on link (k.l) is available or can be preempted, establishing said connection and 
reserving said requested bandwidth with a given holding priority level (p^ along previously selected path, and 

computing the new dynamic intermediate priority levels and new bandwidth reservations, 

updating the topology database with said new dynamic intermediate priority levels and said new bandwidth 
reservations. 

The method for establishing a new connection according to Claims 1 or 2, wherein one unique dynamic intermediate 
priority level is computed, said dynamic intermediate priority level divides the bandwidth reserved by existing con- 
nections into two equal parts and is called dynamic median priority level 



< DIPI&). 



.0714192A1_L> 
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4. The method for establishing a new connection according to anyone of Claims 1 to 3, comprising the further steps of : 

computing for each network link (k,l) and for each priority group (g), a sum of average bit rates (m g ^ and a 
sum of bit rate variances 



10 of existing connections, 

storing and updating for each network link (k,l) and for each priority group (g), said sum of average bit rates 
( m g,k!) and said sum of bit rate variances of existing connections 

15 

in the topology database (306) of each node of the network. 

20 

5. A method for establishing a new connection according to anyone of Claims 1 to 4, wherein said step for computing, 
in each priority group (g), a dynamic median priority level 



25 (Dipyg) 

comprises the steps of : 

30 • setting a variable p (priority level) to the lowest priority level (A™n) of said priority group (g), minus one (800), 
setting a variable x (cumulated reserved bandwidth) to zero (800), 

comparing said cumulated bandwidth x with half total bandwidth (801) reserved in said priority group, 

35 

if cumulated bandwidth x lower or equal to half total bandwidth reserved in said priority group then, 

■ incrementing priority level p by one priority level, 

40 m adding to cumulated bandwidth x (802), the bandwidth reserved for current priority level p (802), 

if cumulated bandwidth x higher than half total bandwidth reserved in said priority group then, setting said 
median priority level (DMP g k j) to current priority level p (803). 

45 6. A communication node in a packet switching communication network (200) comprising means for performing the 
method of establishing a new connection according to anyone of claims 1 to 5. 



55 
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